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A B S T R A C T
Grapes are considered to be a major source of phenolic compounds as compared with other fruits. To improve
the quality of table grapes, some techniques like thinning can be used. In addition, grape cultivars with distinct
characteristics are directly linked to its phenolic profile. This study aimed to identify and quantify the phenolic
compound profile and yield of the hybrid ‘BRS Vitoria’ seedless table grape under different bunch densities,
using a combination of solid-phase extraction (SPE) methodologies and analytical high-performance liquid
chromatography-diode array detector with tandem mass spectrometry (HPLC–DAD–ESI-MS/MS). A trial was
carried out in 2016, in a commercial vineyard at Marialva, state of Parana (South Brazil). Three weeks after
anthesis, the following bunch densities were evaluated: 4.0, 4.5, 5.0, 5.5, and 6 bunches per m2 (corresponding
to an estimation of 16, 18, 20, 22, and 24 tons ha−1). The randomized block design was used as a statistical
model with each treatment was replicated four times, with one vine per plot. Different characteristics were
evaluated at harvest, e.g., soluble solids content (SS), total acidity (TA), maturation index (MI = SS/TA), bunch
and berry masses, yield, as well hydroxycinnamic acid derivative (HCAD), anthocyanin, flavonol, and flavan-3-ol
contents by HPLC–DAD–ESI-MS/MS analysis. The evaluated bunch densities did not interfere with the physi-
cochemical characteristics of the berries, such as SS and MI. Under the density of 6.0 bunches per m2, the highest
yield of 25 tons ha−1 was reached. Under all bunch densities, the phenolic profile presented the same com-
pounds, but at different concentrations. Under a density of 5.0 bunches per m2, the compounds belonging to the
anthocyanin and flavonol families were present in high concentrations. In contrast, at the densities of 4.0 and 4.5
bunches per m2, there was a reduction in the flavan-3-ol content. With respect to stilbenes, only the trans-piceid
and its cis- isomer were detected. However, their concentrations had no significant influence on the evaluated
bunch densities.
1. Introduction
Grapes are characterized by a wide variety of chemical compounds,
and most of them have been related to therapeutic or health promoting
properties (Georgiev, Ananga, & Tsolova, 2014). Table grapes are one
of the most important sources of phenolic compounds, which neutralize
free radicals (Orak, 2007; Rastija, Srecnik, & Saric, 2009). Phenolic
compounds are secondary metabolites of plants playing a vital role in
carrying out different physiological activities, and their concentration is
subjected to genetic and environmental variations. In grapes, phenolic
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compound biosynthesis is regulated by genetic factors, and the differ-
ences among cultivars usually are commonly used as a tool for au-
thenticity and varietal differentiation (Castillo-Muñoz et al., 2009, a).
These compounds can be classified into two groups, i.e., non-flavonoids
and flavonoids. In grapes, non-flavonoids are mainly phenolic acids and
stilbenes, whereas flavonoids are anthocyanins, flavonols, and flavan-3-
ols (monomers, dimers, oligomers, and polymers, the latter also known
as tannins) (Garrido & Borges, 2011). Owing to its nutraceutical
properties, table grape consumption has increased worldwide during
the last few years, especially of colored cultivars.
However, to compete in the market for fresh grapes all year round,
it is necessary to cultivate high quality and yielding cultivars. The
seedless table grapes, such as ‘BRS Vitoria’, have a high yield capability,
up to 30 tons ha−1, and is an excellent choice for overseas markets,
because of its firm texture and particular flavor and its tolerance to
downy mildew (Plasmopara viticola), but it has the inconvenience of
presenting very dense bunches. Moreover, it is a very fruitful cultivar,
presenting two inflorescences per shoot (Maia et al., 2014; Roberto
et al., 2015; Colombo et al., 2018). The berry thinning technique can be
successfully adopted to control compactness, without compromising
grape quality (Roberto et al., 2015), allowing berries to reach their
maximum size, avoiding bunch compactness (Preszler, Schmit, &
Vanden Heuvel, 2010).
Other thinning techniques, such as the removal of individual fruit
(bunch thinning), can also be used to improve grape quality, especially
due to the higher source/sink ratio, which improves the quality of the
remaining bunches with respect to the phenolic composition. However,
most of the information regarding the chemical profile of thinned
grapes has been obtained from vinifera cultivars, such as ‘Cabernet
Sauvignon’, ‘Merlot’, and ‘Syrah’. In addition, in these grape cultivars,
the bunch densities are adjusted based on the number of bunches per
vine (Winkler, Cook, Kliewer, & Lider, 1974; Pastore, Zenoni, Tornelli,
Allegro, & Santo, 2011; Gil et al., 2013; Karoglan et al., 2014).
Contrarily, bunch thinning by means of bunch density, expressed in
bunches per m2, can be used in table grapes to better distribute the load
on the vine. In ‘Sugraone’ and ‘Thompson Seedless’ table grapes, bunch
densities of 5 or 6 bunches per m2 are preferred to maintain grape
quality (de Leão & Lima, 2017). Similar bunch densities are also used in
‘Flame Seedless’ and in ‘Red Globe’ table grapes (Callejas-Rodríguez,
Sanhueza, Valenzuela, & Aronowsky, 2013).
In vinifera grapes, such as ‘Cabernet Sauvignon’ and ‘Merlot’, bunch
thinning in combination with berry thinning has been shown to have a
great effect on the total phenolic concentration of wine, including
higher concentrations of many individual phenolic compounds
(Karoglan et al., 2014). Similar results have been observed for ‘Syrah’
(Gil et al., 2013) and ‘Cabernet Sauvignon’ grapes (Wang et al., 2018).
However, the effect of these techniques on phenolic composition and
yield of the hybrid table grapes, such as ‘BRS Vitoria’, is still unknown.
We aimed, in this study, to assess, for the first time the phenolic
profile and the yield of the new hybrid ‘BRS Vitoria’ seedless grape
subjected to different bunch densities grown in a subtropical region by
using HPLC–DAD–ESI-MS/MS. Depending of the compound assessed,
different parts of the grape were sampled, such as the berry skin, the
whole berry or the berry extract.
2. Materials and methods
2.1. Chemicals
All solvents were of HPLC grade and all chemicals were of analytical
grade (> 99%) dissolved in ultrapure water. Commercial standards of
malvidin 3-glucoside, malvidin 3,5-diglucoside, peonidin 3,5-digluco-
side, caffeic acid, p-coumaric acid, trans-caftaric acid, trans-piceid,
(−)-epigallocatechin, and (−)-gallocatechin were purchased from
Phytolab (Vestenbergsgreuth, Germany). Cyanidin 3-glucoside, cya-
nidin 3,5-diglucoside, procyanidins B1 and B2, kaempferol, quercetin,
isorhamnetin, myricetin, syringetin, and the 3-glucosides of kaemp-
ferol, quercetin, isorhamnetin, and syringetin were obtained from
Extrasynthese (Genay, France). Gallic acid, trans-resveratrol, (+)-ca-
techin, (−)-epicatechin, (−)-epicatechin 3-gallate, and (−)-galloca-
techin 3-gallate were collected from Sigma (Tres Cantos, Madrid,
Spain). Other non-commercial flavonol standards (myricetin 3-gluco-
side, quercetin 3-glucuronide, and laricitrin 3-glucoside) were pre-
viously isolated from ‘Petit Verdot’ grape skins (Castillo-Muñoz et al.,
2009, a). Finally, a sample of procyanidin B4 was kindly provided by
Prof. Fernando Zamora (Department of Biochemistry and Bio-
technology, Universitat Rovira i Virgili, Tarragona, Spain). The trans-
isomers of resveratrol and its 3-glucoside (piceid) were transformed
into their respective cis- isomers by UV-irradiation using 366 nm light
for 5 min in a quartz cell of 25% MeOH solutions of trans- isomers
(Rebello et al., 2013).
All standards were used for identification. The quantification of
each compound, expressed in mg kg−1 of berries, fresh weight – FW,
was carried out as the equivalent of the most representative compounds
for each family of the following phenolic compounds: malvidin 3,5-
diglucoside was used for anthocyanidin 3,5-diglucosides; malvidin 3-
monoglucoside for anthocyanidin 3-monoglicosides; caftaric acid for
hydroxycinnamic acid derivatives; quercetin 3-glucoside for flavonol 3-
glycosides and their free aglycones; (+)-catechin for polymeric flavan-
3-ols (total proanthocyanidins); individual flavan-3-ol monomers and
dimers by their corresponding standards, and their total sum as
(+)-catechin equivalents. Although phenolic compounds were eval-
uated only in the berry skins, except for hydroxycinnamic acid deri-
vatives, their final concentrations were converted to mg kg−1 of berries,
FW.
2.2. Field trial and sample collection
The trial was conducted in an experimental vineyard of Embrapa
Grape and Wine located at Marialva, state of Parana (PR) (South Brazil)
(23°29′S, 51°47′W, elevation 570 m). The hybrid ‘BRS Vitoria’ (Vitis
spp.) seedless grape were grafted on ‘IAC 766 Campinas’ (Vitis spp.)
rootstock in 2012, spaced at a distance of 2.5 × 5.0 m (800 vines per
ha), and trained on an overhead trellis system covered by 18% plastic
mash screen.
Vines were cane-pruned on July 21th, 2016, and the two apical buds
were forced to sprout by spraying 6% hydrogen cyanamide. After three
weeks from anthesis, the following bunch densities were evaluated: 4.0,
4.5, 5.0, 5.5 and 6.0 bunches per m2, with an estimation of crop load of
16, 18, 20, 22 and 24 tons ha−1, considering that the bunch mass is
approximately 0.40 kg (Maia et al., 2014). The unnecessary and da-
maged bunches were removed. The experimental design used was a
randomized block with four replications, with one vine per plot. During
the trial, all other agricultural practices were carried out as usual to the
region.
At harvest, 15 representative bunches from each plot were collected
and weighed to measure the bunch mass (kg), berry mass (g), number of
berries per bunch (bunch mass/berry mass), soluble solids content (SS,
°Brix), pH, titratable acidity (TA, % of tartaric acid), and maturation
index (MI = SS/TA). A digital refractometer with automatic tempera-
ture compensation (DR301-95 Model, Krüss Optronic, Germany) was
used for SS content evaluation. TA was calculated via titration of the
grape juice with a 0.1 N NaOH solution in a semi-automatic titrator,
adopting pH = 8.2 as the end point (IAL, 2008). Yield (tons ha−1) was
estimated on the basis of bunch mass and the number of bunches per
vine or hectare.
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2.3. Sample preparation for HPLC analysis
2.3.1. Skins extract preparation
For anthocyanin and polyphenol analyses, 60 berries per plot (six
berries per bunch) were collected and divided in two sub-samples of 30
berries. Skin from the berries of one sub-sample was manually peeled
off, weighed, frozen at −80 °C, and freeze-dried. The other sub-sample
was weighed and immediately crushed for 2 min with 50 mL of a me-
thanol and formic acid (98.5:1.5 v/v) solution, avoiding oxidation. The
extract was then centrifuged at 5000 rpm for 5 min. The supernatant
was separated from the residue, and a second extract was prepared by
adding 30 mL of methanol, water, and formic acid (50:48.5:1.5 v/v/v)
solution, again crushing it for 2 min, and centrifuging. The supernatants
from both extracts were then mixed, measured, and frozen at −80 °C.
The freeze-dried skins of ‘BRS Vitoria’ berries were triturated in a
grinder (A 10 Basic, IKA, Germany), weighed and used for phenolic
profile analyses. The samples (ca. 0.20 g) were immersed in 20 mL of
methanol, water, and formic acid solution (50:48.5:1.5 v/v), and sub-
jected to ultrasonic homogenizer bar treatment for 3 min. Samples were
then centrifuged at 2500 rpm for 15 min at 5 °C. Thereafter, the mixture
was filtered in a flask where solid residue was separated from the liquid
part. From the filtered residue of the first extract, a second mixture was
prepared using the same solvent volume (20 mL) and following the
same procedure. Both extracts were than mixed together and the vo-
lume was adjusted to 50 mL. One mL of extract was collected and dried
in a rotary evaporator (35 °C). The dried extract was then re-dissolved
in 0.3 mL of HCl 0.1 N (1:10, v/v), and directly injected onto the HPLC
system for anthocyanin determination.
PCX SPE cartridges (500 mg, 6 mL; Bond Elut Plexa PCX, Agilent
Technologies, USA) allowed the isolation of non-anthocyanin phenolic
compounds from skin extracts, and these anthocyanin-free fractions
were used to analyze flavonols. To this end, 3 mL of grape skin extracts
were reduced to 1.5 mL in a rotary evaporator (35 °C) and diluted with
3 mL of HCl 0.1 N. Then, samples were passed through the SPE car-
tridges that were previously conditioned with 5 mL of methanol and
5 mL of water. Subsequently the cartridges were washed with 5 mL of
HCl 0.1 N acid and 5 mL of water, the anthocyanin-free fractions were
eluted with 2 × 3 mL of 96% ethanol. This elute was dried in a rotary
evaporator (35 °C) and re-dissolved in 1.5 mL of 80% methanol and
directly injected onto the HPLC equipment, as described above.
Flavan-3-ols (monomers, B-type dimers, and proanthocyanidins)
and stilbenes were isolated from skin extracts using SPE on C18 car-
tridges (Sep-Pak Plus C18, Waters Corp., Milford, USA), filled with
820 mg of adsorbent according to Rebello et al. (2013).
2.3.2. Berries extract preparation
To analyze hydroxycinnamic acid derivatives, the extract obtained
from whole berries (item 2.3) was dried in a rotary evaporator (35 °C)
to evaporate the methanol content. To eliminate the sugars and other
polar substances from the samples, an extraction procedure was carried
out in solid phase (SPE) with Bond Elut C18 cartridges (500 mg, 3 mL;
Agilent Technologies, Santa Clara, USA). For this purpose, the car-
tridges were conditioned with 5 mL of methanol followed by 5 mL of
water. Then, the extracts (5 mL) were loaded onto the cartridge and the
eluted content was discarded. The cartridges were rinsed 3 times with
5 mL of water, and the adsorbed phenolic compound was recovered
with 5 mL of methanol 3 times, which was then dried in a rotary eva-
porator (35 °C). Dried samples were re-dissolved in 5 mL of an acet-
onitrile/water/formic acid (3:88.5:8.5, v/v/v) mixture and directly
injected into the HPLC equipment, as described above.
2.4. HPLC–DAD–ESI-MS identification of phenolic compounds
All chromatographic analyses were carried out at Instituto Regional
de Investigación Científica Aplicada (IRICA), Universidad Castilla-La
Mancha, Ciudad Real, Spain. Anthocyanins and non-anthocyanin
phenolic compounds from grape skin and flesh were separately ana-
lyzed using pre-described methods by using narrow bore, smaller par-
ticle size, and chromatography columns (Castillo-Muñoz et al., 2009, a;
Castillo-Muñoz, Gómez-Alonso, García-Romero, & Hermosín-Gutiérrez,
2007). For the analysis of anthocyanins, 10 μL of the diluted extract was
injected to HPLC, whereas 20 μL of anthocyanin-free extract fractions
were used for the analysis of non-anthocyanin phenolics. The extract
was filtered (0.20 μM, polyester membrane; Chromafil PET 20/25,
Machery-Nagel, Düren, Germany) through a reversed-phase column
Zorbax Eclipse XDB-C18 thermostat at 40 °C (2.1 × 150 mm; 3.5 μM
particle; Agilent, Germany) before its injection into the HPLC equip-
ment. The solvent flow rate was 0.19 mL min−1, and it included solvent
A (acetonitrile/water/formic acid, 3:88.5:8.5, v/v/v), solvent B (acet-
onitrile/water/formic acid, 50:41.5:8.5, v/v/v), and solvent C (me-
thanol/water/formic acid, 90:1.5:8.5, v/v/v). The linear gradient of
solvents for anthocyanin analysis was 0 min, 94% A and 6% B; 10 min,
70% A and 30% B; 30 min, 50% A and 50% B; 34 min, 100% B; 42 min,
96% A and 4% B.
Non-anthocyanin analysis was performed according to Neves,
Stringheta, Gómez-Alonso, and Hermosín-Gutiérrez (2018). The iden-
tification was mainly based on spectroscopic data (UV–Vis and MS/
MS), obtained from authentic standards or previously reported
(Castillo-Muñoz et al., 2009, a; Lago-Vanzela, Da-Silva, Gomes, García-
Romero, & Hermosín-Gutiérrez, 2011, a, 2011, b). For quantification,
the DAD-chromatograms were extracted at 520 (anthocyanins), 360
(flavonols) and 320 nm (hydroxycinnamic acid derivatives). Analyses
were performed in triplicate.
2.5. Identification and quantification of flavan-3-ols and stilbenes using
multiple reactions monitoring HPLC–ESI-MS/MS
Flavan-3-ol and stilbene chromatographic analyses were performed
at Instituto de la Vid y del Vino de Castilla-La Mancha, Tomelloso,
Spain. SPE-C18 extract (described in Section 2.3.1) was used for ana-
lyzing flavan-3-ol monomers and B-type dimer procyanidins and stil-
benes from grape skins. From the SPE-C18 extract, 0.30 mL was taken
and diluted with 1.50 mL of water and formic acid (98.5:1.5) in a sealed
chromatographic vial, and then injected into the HPLC.
The structural information about proanthocyanidins were obtained
using the method of pyrogallol-induced acid-catalyzed depolymeriza-
tion, a proposed alternative nucleophile trapping agent that offers si-
milar results when compared to the classic phloroglucinol method, but
which also functions under milder experimental conditions (Bordiga
et al., 2009; 2013). In this trial, 0.30 mL of pyrogallol reagent solution
(100 g L−1 of pyrogallol and 20 g L−1 ascorbic acid in methanolic 0.3 N
HCl) was added to 0.30 mL of SPE-C18 extract, and the mixture was
then kept at 30 °C for 40 min. After the reaction had been stopped with
the addition of 1.20 mL of 67 µM sodium acetate, the reaction mixture
was injected to HPLC (1200 Series System, Agilent, Germany),
equipped with DAD (Agilent, Germany) and coupled with AB Sciex
Table 1
Soluble solids content (SS), pH, titratable acidity (TA) and maturation index
(SS/TA) recorded in ‘BRS Vitoria’ seedless table grape at bunch densities (mean
value ± standard deviation).
Bunches per
m2
SS (°Brix) pH TA (%) SS/TA
4.0 16.97 ± 0.21 4.69 ± 0.07 0.70 ± 0.02 24.15 ± 1.13
4.5 17.43 ± 0.31 4.64 ± 0.04 0.75 ± 0.03 23.40 ± 1.22
5.0 17.57 ± 0.61 4.64 ± 0.06 0.71 ± 0.04 24.83 ± 2.05
5.5 17.37 ± 0.68 4.63 ± 0.08 0.69 ± 0.01 25.35 ± 0.96
6.0 16.53 ± 0.25 4.62 ± 0.09 0.74 ± 0.04 22.34 ± 1.36
F value 2.57ns 0.50ns 2.39ns 2.14ns
CV (%) 2.65 1.49 4.02 5.82
ns non-significant differences by F test. CV: coefficient of variation.
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3200 Q TRAP (Applied Biosystems) electrospray ionization mass spec-
trometry system (ESI-MS/MS). The chromatographic system was man-
aged by the Agilent ChemStation (version B.01.03) data-processing
station and the mass spectra data were processed with the Analyst MSD
software (Applied Biosystems, version 1.5). The samples (before and
after acid-catalyzed depolymerization reaction) were injected (10 μL)
on a reversed-phase column Agilent Eclipse XDB-C18 (2.1 × 150 mm;
3.5 μM particle; Agilent, Germany), thermostat at 16 °C as described by
Rebello et al. (2013). Data on the initial concentrations of flavan-3-ol
monomers, obtained before depolymerization reaction, was used for the
correction of released flavan-3-ol monomers (terminal subunits of
polymeric proanthocyanidins) concentrations during the depolymer-
ization reaction of proanthocyanidins.
Standards used for the identification and quantification of diverse
flavan-3-ols and stilbenes included the following: the monomers
(+)-catechin, (−)-epicatechin, (−)-epigallocatechin, (−)-galloca-
techin, and (−)-epicatechin 3-gallate; the dimers procyanidins B1, B2,
and B4; and the trans and cis isomers of resveratrol. The total polymeric
proanthocyanidin content was also quantified as equivalents of
(+)-catechin, and their structural features were characterized (molar
percentage of extension and terminal subunits; mean degree of poly-
merization, mDP; molar percentage of galloylation; and molar
Table 2
Chromatographic and spectroscopic (MS/MS spectra) characteristics of the anthocyanins identified in ‘BRS Vitoria’ seedless table grape at different bunch densities.
Relative abundance (mean value ± standard deviation, n = 3), and total concentration (as malvidin 3-glucoside or malvidin 3,5-diglucoside equivalents) in berry
skin. Peak numbers as in Fig. 1.
Peak Assignment Molecular ion; product ions
(m/z)
Rt (min) Bunch densities (per m2)
4.0 4.5 5.0 5.5 6.0
(relative abundance)
3 dp-3-glc 465; 303 9.40 15.47 ± 1.03 16.07 ± 1.24 16.66 ± 0.93 16.05 ± 0.72 15.13 ± 0.66
5 cy-3-glc 449; 287 12.29 4.43 ± 0.38 4.71 ± 0.47 5.28 ± 0.42 4.73 ± 0.32 4.31 ± 0.71
7 pt-3-glc 479; 317 14.91 9.47 ± 0.28 9.80 ± 0.42 10.09 ± 0.35 9.70 ± 0.33 9.29 ± 0.36
9 pn-3-glc 463; 301 17.34 5.09 ± 0.18 5.16 ± 0.27 5.64 ± 0.29 5.25 ± 0.39 4.85 ± 0.75
10 mv-3-glc 493; 331 19.29 13.81 ± 0.20 13.93 ± 0.22 14.15 ± 0.15 14.09 ± 0.17 13.95 ± 0.31
17 mv-3-pent 463; 331 24.92 0.38 ± 0.01 0.38 ± 0.01 0.36 ± 0.01 0.38 ± 0.03 0.40 ± 0.02
12 dp-3-acglc 507; 303 20.90 1.51 ± 0.15 1.35 ± 0.09 1.48 ± 0.05 1.34 ± 0.07 1.30 ± 0.11
15 cy-3-acglc 491; 287 23.61 0.41 ± 0.01 0.43 ± 0.02 0.44 ± 0.01 0.41 ± 0.02 0.41 ± 0.03
18 pt-3-acglc 521; 317 25.54 0.95 ± 0.07 0.96 ± 0.05 1.00 ± 0.02 0.96 ± 0.03 0.93 ± 0.08
24 mv-3-acglc 535; 331 29.76 1.55 ± 0.16 1.59 ± 0.15 1.56 ± 0.04 1.52 ± 0.10 1.62 ± 0.03
28 mv-3-cfglc 655; 331 31.86 0.11 ± 0.01 0.14 ± 0.02 0.15 ± 0.02 0.14 ± 0.00 0.16 ± 0.01
22 dp-3-trans-cmglc 611; 303 28.00 16.48 ± 0.64 16.07 ± 0.19 15.17 ± 0.33 16.27 ± 0.35 17.03 ± 1.35
23 pt-3-cis-cmglc 625; 317 28.99 0.25 ± 0.02 0.24 ± 0.02 0.24 ± 0.01 0.29 ± 0.01 0.32 ± 0.03
29 pt-3-trans-cmglc 625; 317 32.34 8.34 ± 0.39 8.05 ± 0.40 7.55 ± 0.33 8.11 ± 0.28 8.59 ± 0.73
26 pn-3-cis-cmglc 609; 301 30.78 3.71 ± 0.10 3.81 ± 0.12 3.87 ± 0.10 3.69 ± 0.13 3.52 ± 0.27
28 pn-3-trans-cmglc 609; 301 35.29 4.07 ± 0.21 3.97 ± 0.15 3.92 ± 0.23 3.73 ± 0.26 3.68 ± 0.22
31 pg-3-cmglc 579; 271 33.48 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.01 0.01 ± 0.00 0.01 ± 0.01
30 mv-3-cis-cmglc 639; 331 32.87 0.45 ± 0.05 0.41 ± 0.03 0.40 ± 0.07 0.42 ± 0.03 0.52 ± 0.06
33 mv-3-trans-cmglc 639; 331 36.40 13.48 ± 0.72 12.93 ± 1.45 12.02 ± 0.95 12.91 ± 0.76 13.97 ± 1.30
E dp-3-cfglc 627; 303 24.36 NQ NQ NQ NQ NQ
F dp-3-cis-cmglc 611; 303 24.92 NQ NQ NQ NQ NQ
H cy-3-cfglc 611; 287 26.57 NQ NQ NQ NQ NQ
I cy-3-cis-cmglc 595; 287 27.03 NQ NQ NQ NQ NQ
J pn-3-acglc 505; 301 28.00 NQ NQ NQ NQ NQ
L cy-3-trans-cmglc 595; 287 30.78 NQ NQ NQ NQ NQ
Total (mg kg−1 of berries,
mv-3-glc)
748.38 ± 9.38 788.12 ± 102.50 931.00 ± 23.29 572.98 ± 32.52 441.83 ± 72.66
1 dp-3,5-diglc 627; 465, 303 5.99 4.67 ± 0.67 4.81 ± 0.53 5.09 ± 0.42 4.98 ± 0.33 4.59 ± 0.21
2 cy-3,5-diglc 611; 449, 287 8.79 2.24 ± 0.34 2.39 ± 0.43 2.65 ± 0.31 2.49 ± 0.09 2.05 ± 0.35
4 pt-3,5-diglc 641; 479, 317 11.46 7.30 ± 0.65 7.35 ± 0.69 7.57 ± 0.49 7.52 ± 0.43 7.08 ± 0.13
6 pn-3,5-diglc 625; 463, 301 13.77 13.30 ± 0.46 13.65 ± 1.14 14.60 ± 0.51 13.75 ± 0.68 12.28 ± 1.51
8 mv-3,5-diglc 655; 493, 331 15.51 34.65 ± 0.70 35.02 ± 0.28 34.85 ± 0.12 35.05 ± 0.69 35.19 ± 0.28
13 pn-3-acglc-5-glc 667; 505, 463, 301 21.50 0.60 ± 0.06 0.36 ± 0.10 0.55 ± 0.07 0.39 ± 0.10 0.39 ± 0.20
14 mv-3-acglc-5-glc 697; 535, 493, 331 22.71 2.56 ± 0.05 2.26 ± 0.22 2.23 ± 0.07 2.20 ± 0.12 2.39 ± 0.08
20 pn-3-cfglc-5-glc 787; 625, 463, 301 26.57 1.56 ± 0.08 1.57 ± 0.14 1.68 ± 0.11 1.62 ± 0.06 1.54 ± 0.17
11 dp-3-cis-cmglc-5-glc 773; 611, 465, 303 20.01 0.45 ± 0.03 0.41 ± 0.04 0.39 ± 0.03 0.42 ± 0.02 0.49 ± 0.04
16 dp-3-trans-cmglc-5-glc 773; 611, 465, 303 24.36 5.29 ± 0.24 5.08 ± 0.22 4.94 ± 0.08 5.20 ± 0.05 5.32 ± 0.21
19 pn-3-cis-cmglc-5-glc 771; 609, 463, 301 26.07 0.35 ± 0.04 0.33 ± 0.01 0.32 ± 0.02 0.29 ± 0.01 0.35 ± 0.04
25 pn-3-trans-cmglc-5-glc 771; 609, 463, 301 30.29 5.21 ± 0.56 5.31 ± 0.23 5.26 ± 0.27 4.95 ± 0.37 4.91 ± 0.19
21 mv-3-cis-cmglc-5-glc 801; 639, 493, 331 27.03 1.17 ± 0.11 1.09 ± 0.06 1.04 ± 0.08 1.10 ± 0.09 1.46 ± 0.13
27 mv-3-trans-cmglc-5-glc 801; 639, 493, 331 31.25 20.67 ± 1.86 20.38 ± 2.36 18.83 ± 1.51 20.03 ± 1.24 21.96 ± 2.11
A dp-3-acglc-5glc 669; 507, 465, 303 15.51 NQ NQ NQ NQ NQ
B cy-3-acglc-5-glc 653; 491, 449, 287 17.34 NQ NQ NQ NQ NQ
C cy-3-cis-cmglc-5-glc 757; 595, 449, 287 22.71 NQ NQ NQ NQ NQ
D pt-3-cis-cmglc-5-glc 787; 625, 479, 317 23.61 NQ NQ NQ NQ NQ
G cy-3-trans-cmglc-5-glc 757; 595, 449, 287 26.57 NQ NQ NQ NQ NQ
K pt-3-trans-cmglc-5-glc 787; 625, 479, 317 28.00 NQ NQ NQ NQ NQ
Total (mg kg−1 of berries, mv-3,5-diglc) 454.02 ± 26.66 492.89 ± 40.05 550.61 ± 15.48 338.85 ± 33.97 266.17 ± 32.48
Ratio mv-3-glc/mv-3,5-diglc 1.65 ± 0.07 1.60 ± 0.11 1.71 ± 0.07 1.69 ± 0.15 1.68 ± 0.12
NQ: detectable but not quantifiable.
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percentage of prodelphinidins). A previously developed method was
followed for this purpose, based on the use of the -EMS (enhanced mass
spectrum; MS conditions) scan mode of identification, MRM (multiple
reaction monitoring; MS/MS conditions) scan mode of quantification,
(+)- catechin as an external standard, and acid-catalyzed depolymer-
ization induced by pyrogallol for structural characterization of proan-
thocyanidins (Lago-Vanzela, Da-Silva, Gomes, García-Romero, &
Hermosín-Gutiérrez, 2011, a, 2011, b). Stilbenes (trans and cis isomers
of resveratrol) were identified and quantified from the extracted ion
chromatograms acquired by MRM after selection of the following
characteristics: m/z transitions, 389–227 for piceid isomers and
227–185 for resveratrol isomers.
2.6. Statistical analysis
The recorded data were submitted to normality and homogeneity of
variances tests before ANOVA. In the case of significance, the means
were adjusted to the corresponding polynomial regression model.
Significant characteristics were also submitted to a principal compo-
nent analysis (PCA), correlations network map and heat map using the
following R packages: FactoMineR (Lê, Josse, & Husson, 2008), qgraph
(Epskamp, Cramer, Waldorp, Schmittmann, & Borsboom, 2012) and
pheatmap (Kolde, 2013).
Fig. 1. HPLC–DAD chromatograms (detection at 520 nm) corresponding to anthocyanins detected in ‘BRS Vitoria’ grape skin at different bunch densities. A: 4
bunches per m2; B: 6 bunches per m2. For peak assignment, see Table 2.
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3. Results and discussion
3.1. Physicochemical characteristics
‘BRS Vitoria’ table grape, regardless of the evaluated bunch den-
sities, presented SS content higher than 16.5 °Brix, titratable acidity
(TA) around 0.7% and and maturation index (SS/TA) higher than 22.3
(Table 1). It was expected under the lowest bunch density, a higher SS
content due to the alteration between the source/sink ratio. However,
in the conditions studied, no significant changes were observed for this
characteristic. Similar results were reported for ‘Sugraone’ and
‘Thompson Seedless’ table grapes subjected to different densities of
Fig. 2. Main phenolic compounds recorded in ‘BRS Vitoria’ seedless table grape at different bunch densities. A: 3-glucosides series (expressed as mv-3-glc eq.); B: 3,5-
diglucosides serie (expressed as mv-3,5-diglc eq.); C: total anthocyanins (3-glc serie + 3,5-diglc serie) expressed as mv-3,5-diglc eq.; D: total flavonols (expressed as
Q-3-glc eq.).
Table 3
Chromatographic and spectroscopic (MS/MS spectra) characteristics of the flavonols identified in ‘BRS Vitoria’ seedless table grape atdifferent bunch densities.
Relative abundance (mean value ± standard deviation, n = 3), and total concentration (as quercetin 3-glucoside equivalents) in berry skin. Peak numbers as in
Fig. 3.
Peak Assignment Molecular ion; product ions (m/z) Rt (min) Bunch densities (per m2)
4.0 4.5 5.0 5.5 6.0
(relative abundance)
34 M-glcU 493; 317 16.79 2.14 ± 0.36 0.47 ± 0.17 1.51 ± 1.03 1.84 ± 1.18 1.11 ± 0.34
35 M-gal 479; 317 17.15 2.44 ± 0.12 2.62 ± 0.12 2.66 ± 0.11 2.71 ± 0.29 2.63 ± 0.13
36 M-glc 479; 317 18.84 43.09 ± 3.53 50.10 ± 5.22 48.97 ± 0.93 48.71 ± 3.93 51.94 ± 4.30
37 Q-gal 463; 301 26.41 1.51 ± 0.40 2.02 ± 0.81 1.41 ± 0.53 1.55 ± 0.18 1.13 ± 0.22
38 Q-glcU 477; 301 26.97 17.96 ± 2.35 7.34 ± 2.43 13.59 ± 4.40 12.63 ± 6.16 13.91 ± 3.82
39 Q-glc 463; 301 28.58 21.50 ± 3.01 24.02 ± 5.18 19.71 ± 3.40 19.34 ± 1.54 16.94 ± 1.69
40 Q-3-rhm-glc 609; 301 28.88 1.51 ± 0.22 0.93 ± 0.49 1.37 ± 0.16 1.37 ± 0.37 1.42 ± 0.79
41 L-glc 493; 331 31.72 3.42 ± 0.32 3.94 ± 0.57 3.77 ± 0.27 3.88 ± 0.42 4.23 ± 0.36
42 K-gal 447; 285 32.55 1.72 ± 0.44 2.95 ± 0.08 2.50 ± 0.16 3.18 ± 0.14 2.52 ± 0.17
43 K-glcU 461; 285 34.63 0.22 ± 0.03 0.25 ± 0.10 0.23 ± 0.02 0.22 ± 0.04 0.27 ± 0.08
44 K-glc 447; 285 35.79 1.65 ± 0.55 2.02 ± 1.02 1.43 ± 0.54 1.66 ± 0.33 0.99 ± 0.22
45 I-glc 477; 315 39.11 1.85 ± 0.33 2.13 ± 0.26 1.69 ± 0.28 1.70 ± 0.35 1.57 ± 0.10
46 S-glc 507; 345 40.71 0.97 ± 0.09 1.21 ± 0.23 1.17 ± 0.05 1.22 ± 0.19 1.35 ± 0.14
Myricetin derivatives sum (M) 47.67 53.19 53.14 53.26 55.68
Quercetin derivatives sum (Q) 42.48 34.31 36.08 34.89 33.4
M/Q ratio 1.12 1.55 1.47 1.53 1.67
Total (mg kg−1 of berries, Q-3-glc) 52.22 ± 11.03 60.13 ± 14.12 65.61 ± 4.54 60.30 ± 7.61 38.51 ± 7.71
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Fig. 3. HPLC–DAD chromatograms (detection at 360 nm) corresponding to flavonols detected in ‘BRS Vitoria’ grape skin at different bunch densities. A: 4 bunches
per m2; B: 6 bunches per m2. For peak assignment, see Table 3.
Table 4
Chromatographic and spectroscopic (MS/MS spectra) characteristics of hydroxycinnamic acid derivatives (HCAD) and stilbenes identified in ‘BRS Vitoria’ seedless
table grape at bunch densities. Relative abundance (mean value ± standard deviation, n = 3), and total concentration (as caftaric acid equivalents) in grape berries.
Peak numbers as in Fig. 4.
Peak Assignment Molecular ion; product ions (m/z) Rt (min) Bunch densities (per m2)
4.0 4.5 5.0 5.5 6.0
(relative abundance)
47 trans-Caftaric acid 311; 179, 149, 135 3.57 45.94 ± 0.12 47.25 ± 1.76 46.30 ± 5.67 50.69 ± 2.86 39.13 ± 2.74
48 trans-Coutaric acid 295; 163, 149, 119 5.62 8.45 ± 1.32 9.58 ± 0.67 7.39 ± 3.25 12.99 ± 3.42 16.53 ± 2.87
49 cis-Coutaric acid 295; 163, 149, 119 5.92 1.54 ± 1.37 3.05 ± 1.02 1.50 ± 1.30 3.56 ± 1.24 4.73 ± 1.42
50 p-Coumaroyl-glucose 325; 163, 145 7.29 25.76 ± 2.72 24.41 ± 1.14 29.88 ± 10.07 20.93 ± 3.82 20.78 ± 1.66
51 trans-Fertaric acid 325; 193, 149 8.12 18.30 ± 0.12 15.71 ± 1.21 14.93 ± 0.38 11.83 ± 1.43 18.83 ± 1.75
Total HCAD (mg kg−1 of berries, Caftaric acid) 5.63 ± 1.05 6.88 ± 0.49 5.34 ± 3.36 8.30 ± 2.52 4.24 ± 2.74
trans-Resveratrol-glucose (mg kg−1 of berries) 0.41 ± 0.04 0.75 ± 0.14 0.69 ± 0.18 0.70 ± 0.14 0.53 ± 0.17
cis-Resveratrol-glucose (mg kg−1 of berries) 0.36 ± 0.05 0.59 ± 0.08 0.53 ± 0.15 0.45 ± 0.04 0.38 ± 0.13
Total Resveratrol-glucose (mg kg−1 of berries) 0.77 ± 0.09 1.34 ± 0.22 1.23 ± 0.33 1.15 ± 0.17 0.91 ± 0.29
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bunches and shoots, in which there were no significant changes in SS
content, total soluble sugars and TA (de Leão & Lima, 2017).
Close results were observed for ‘Cabernet Sauvignon’ grapes, in
which the bunch thinning, as well as the stage of development of the
berry in which it was applied, did not present significant influence on
the berry mass, SS, TA and pH (Wang et al., 2018). This situation may
be related to the cultivar and their growing conditions. In ‘Syrah’
grapes, the thinning of bunches promoted a significant increase in the
SS content compared to those without thinning (Gil et al., 2013). For
‘Sangiovese’ grapes, similar results were observed, and it was explained
by the source/sink ratio, as a consequence of the removal of a portion of
bunch (Pastore et al., 2011). The reduction in bunch size by berry
thinning techniques, also increased the SS content in ‘BRS Nubia’ table
grapes (Silvestre et al., 2017), demonstrating that some cultivars are
more responsive than others to the crop load adjustment.
3.2. Anthocyanins
Anthocyanins corresponded to the main group of phenolic com-
pounds found in the ‘BRS Vitoria’ and are responsible for the almost
black color of its berry skin. The 3-glucoside and 3,5-diglucoside an-
thocyanins were recorded (Table 2; Fig. 1) in a similar way to those
described for non-vinifera or hybrid grapes, such as ‘Bordô’ (Lago-
Vanzela, Da-Silva, Gomes, García-Romero, & Hermosín-Gutiérrez,
2011, b), ‘BRS Violeta’ (Rebello et al., 2013) and ‘Isabel’ (Yamamoto
et al., 2015).
The structures of the anthocyanidins (aglycones) delphinidin (dp),
cyanidin (cy), petunidin (pt), peonidin (pn), pelargonidin (pg), and
malvidin (mv) were identified by means of their molar mass (303, 287,
317, 301, 271, and 331, respectively) detected in the MS/MS spectra. In
relation to the assignment of substitution pattern of 3-glucoside and
Fig. 4. HPLC–DAD chromatograms (detection at 320 nm) corresponding to hydroxycinnamic acid derivates (HCAD) detected in ‘BRS Vitoria’ berries at different
bunch densities. A: 4 bunches per m2; B: 6 bunches per m2. For peak assignment, see Table 4.
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Table 5
Structural characterization of monomeric flavan-3-ol, proanthocyanidins and B-type procyanidin dimer identified in ‘BRS Vitoria’ seedless table grape at different
bunch densities. Total content [as (+)-catechin equivalents] in berry skin.
Flavan-3-ol monomers Bunch densities (per m2)
4.0 4.5 5.0 5.5 6.0
(mg kg−1 of berries)
(+)-catechin 3.732 ± 0.85 5.237 ± 1.00 5.976 ± 1.02 7.133 ± 0.78 7.067 ± 0.62
(−)-epicatechin 0.943 ± 0.15 1.324 ± 0.18 1.339 ± 0.19 1.565 ± 0.05 1.622 ± 0.19
(−)-gallocatechin 0.501 ± 0.14 0.689 ± 0.13 0.949 ± 0.24 0.927 ± 0.17 0.957 ± 0.23
(−)-epigallocatechin 0.368 ± 0.14 0.624 ± 0.16 0.640 ± 0.19 0.689 ± 0.04 0.638 ± 0.19
(−)-epicatechin 3-gallate 0.137 ± 0.04 0.205 ± 0.05 0.203 ± 0.02 0.221 ± 0.02 0.210 ± 0.02
(−)-gallocatechin 3-gallate 0.011 ± 0.00 0.000 ± 0.00 0.000 ± 0.00 0.015 ± 0.01 0.000 ± 0.00
(−)-epigallocatechin 3-gallate 0.018 ± 0.00 0.005 ± 0.00 0.011 ± 0.00 0.020 ± 0.01 0.009 ± 0.00
Procyanidin B1 15.081 ± 2.50 19.431 ± 3.15 23.536 ± 2.07 25.232 ± 3.22 25.698 ± 1.99
Procyanidin B2 2.173 ± 0.24 2.903 ± 0.37 3.243 ± 0.15 3.460 ± 0.70 3.611 ± 0.33
Procyanidin (Rt = 32.85) 1.025 ± 0.26 1.366 ± 0.24 1.593 ± 0.11 1.868 ± 0.20 1.881 ± 0.11
mDP 7.274 ± 0.22 7.914 ± 0.09 8.589 ± 0.07 8.663 ± 0.14 8.006 ± 0.24
Galloylation (%) 3.470 ± 0.45 3.487 ± 0.21 3.466 ± 0.23 3.426 ± 0.16 3.698 ± 0.16
Prodelphinidin (%) 17.655 ± 0.18 19.172 ± 1.73 19.763 ± 1.68 19.383 ± 0.66 18.682 ± 0.94
Total PA (mg kg−1 of berries, eq C) 593.313 ± 43.46 555.149 ± 54.63 553.411 ± 19.76 536.329 ± 37.35 527.745 ± 50.60
aTotal PA, total concentration of proanthocyanidins, as (+)-catechin equivalents, calculated by total sum of the concentrations of all the extension and terminal
subunits; mDP, mean degree of polymerization. Mean value ± standard deviation.
Fig. 5. Flavan-3-ols monomers and B-type dimers recorded in ‘BRS Vitoria’ seedless table grape at different bunch densities.
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3,5-diglucoside, the patter of compound fragmentation in the MS/MS
spectrum was verified, as also observed by Rebello et al. (2013) for the
hybrid grape ‘BRS Violeta’. From the analyses performed on ‘BRS Vi-
toria’, 35 derivatives of the six types of anthocyanidins mentioned
above were detected, but only one derivative of pelargonidin was found
(Fig. 1, peak 31), as this type of anthocyanidin is not commonly found
in grapes (Lago-Vanzela, Da-Silva, Gomes, García-Romero, & Hermosín-
Gutiérrez, 2011, b; Rebello et al., 2013).
The anthocyanin profile, presented in relative abundance, was si-
milar among the bunch densities, unlike the anthocyanin concentration
(mg kg−1 of berries). Among the anthocyanins that occur in ‘BRS
Vitoria’, five complete series of five identified anthocyanidins (dp, cy,
pt, pn, and mv) were found: non-acylated 3-glucosides and 3,5-diglu-
cosides and their p-coumaroyl derivatives, present in cis- and trans-
conformations, as well as the acetyl derivatives of 3-glucosides. In
contrast, the acylated 3,5-diglucosides derivatives were verified for the
anthocyanidins dp, cy, pn, and mv.
In relation to the other anthocyanidin derivatives found, the pe-
largonidin 3-(6′′-p-coumaroyl)-glucoside stands out, since the antho-
cyanidin pelargonidin is rare in grapes, being described in ‘Garnacha
Tintorera’ grapes (Castillo-Muñoz et al., 2009, a; Castillo-Muñoz,
Fernández-González, Gómez-Alonso, García-Romero, & Hermosín-
Gutiérrez, 2009, b), and grape juices and wines (Wang, Race, &
Shrikhande, 2003; Zhao, Duan, & Wang, 2010). For the anthocyanidin
peonidin, the 3-(6′′-caffeoyl)-glucoside-5-glucoside derivative was
found, being the only group reported for ‘BRS Violeta’ hybrid grape
(Rebello et al., 2013). An interesting finding in this study was to
identify, for the first time in hybrid grapes, the malvidin 3-pentoside
(peak 17), which showed a molecular ion at m/z 463 and a MS/MS
fragment ion at m/z 331 ([M−132]+). This is compatible with a mal-
vidin-based structure with a pentose (m/z 132), and it eluted after
peonidin 3-glucoside (peak 9) and malvidin 3-glucoside (peak 10), as
previously reported for vinifera grapes (Favre, Hermosín-Gutiérrez,
Piccardo, Gómez-Alonso, & González-Neves, 2019; Pérez-Navarro et al.,
2019). However, not all the compounds identified for ‘BRS Vitoria’
grapes could be quantified owing to their co-elution.
It was expected that, the lower the bunch density, the higher the
concentration of anthocyanins (mg kg−1 of berries, eq mv-3-glc and
mv-3,5-glc) in ‘BRS Vitoria’ skins. However, the higher concentrations
of anthocyanins were observed for the bunch densities of 4.0, 4.5 and
5.0 per m2, and the most significant value was observed for the last one
(931.00 mg kg−1 of berries) (Fig. 2). On the other hand, the relation-
ship between glucosides and diglucosides did not change among
treatments, as well as the molar ratios of each detected compound.
Thus, it can be confirmed that anthocyanins present in grapes and their
proportions have their synthesis highly regulated by genetic factors to
the cultivar, while the concentration of these compounds varies ac-
cording to the environment or treatments to which the vines are sub-
jected.
The total anthocyanin concentration in ‘BRS Vitoria’ skins, as an
mv-3,5-diglc equivalent, ranged from 1787 to 853 mg kg−1 of berries,
under the bunch densities of the 5.0 and 6.0 bunches per m2, respec-
tively. These concentrations are lower than those reported in ‘BRS
Violeta’ grapes, approximately 3950 mg kg−1 FW, as an mv-3,5-diglc
equivalent (Rebello et al., 2013). However, the anthocyanin content
verified in ‘BRS Vitoria’ is consistent with those observed in other non-
vinifera grapes, in mg kg−1 FW (as mv-3,5-diglc equivalent), such as in
‘Bordô’ (Vitis labrusca), 1360 mg kg−1 FW (Lago-Vanzela, Da-Silva,
Gomes, García-Romero, & Hermosín-Gutiérrez, 2011, b); ‘Concord’ (V.
labrusca), ‘Marechal Foch’ (Vitis rupestris × Vitis vinifera), and ‘Norton’
(Vitis aestivalis), 1116–2750 mg kg−1 FW (Muñoz-Espada, Wood,
Bordelon, & Watkins, 2004); and ‘Folha de Figo’ (V. labrusca) and
‘Niágara Rosada’ (V. labrusca), 61–1550 (in this case mg kg−1, as cya-
nidin equivalent, that corresponds to 146–3779 mg kg−1 as an mv-3,5-
diglc equivalent) (Abe, Mota, Lajolo, & Genovese, 2007).
3.3. Flavonols
In ‘BRS Vitoria’ skins, the 3-glucoside derivatives of the six common
flavonol aglycones were detected (Table 3; Fig. 3). Only the 3-ga-
lactosides and the 3-glucuronides of myricetin, quercetin, and kaemp-
ferol were found in the samples. Myricetin derivatives were detected in
‘BRS Vitoria’ skins at high concentrations, with relative abundance
ranging from 48% to 56%, with myricetin 3-glucoside as a re-
presentative of majority of this group, ranging from 43% to 52%. Four
quercetin derivatives were also detected in the ‘BRS Vitoria’ skins;
among them, the most representative were quercetin 3-glucoside and
quercetin 3-glucuronide, showing relative abundance between 17% and
24% and 7% to 18%, respectively. In addition, laricitrin, kaempferol,
isorhamnetin, and syringetin were detected in low proportions. The
relative abundance sum of these compounds, related with each bunch
density was lower than 12%.
In relation to the ratio between myricetin derivatives sum and
quercetin derivatives sum (M/Q), it is possible to observe similarities
regarding the bunch densities of 4.0 bunches per m2 (M/Q = 1.1),
whereas in other bunch densities the relative abundance of myricetin
derivatives sum were approximately 1.5 times greater than quercetin
derivatives sum. In contrast, in the case of red vinifera cultivars, the
flavonols proportion based on myricetin and quercetin, are generally
more balanced, and one or the other flavonol type predominates
slightly (Castillo-Muñoz et al., 2007; Hermosín-Gutiérrez, Castillo-
Muñoz, Gómez-Alonso, & García-Romero, 2011; Mattivi, Guzzon,
Vrhovsek, Stefanini, & Velasco, 2006). On the other hand, in ‘BRS
Table 6
Berry and bunch mass recorded in ‘BRS Vitoria’ seedless table grape at different
bunch densities (mean value ± standard deviation).
Bunches per m2 Berry mass (g) Bunch mass (kg)
4.0 5.44 ± 0.19 0.43 ± 0.04
4.5 5.16 ± 0.64 0.39 ± 0.01
5.0 4.92 ± 0.40 0.37 ± 0.03
5.5 4.63 ± 0.27 0.40 ± 0.03
6.0 5.63 ± 0.20 0.42 ± 0.01
F value 3.35ns 2.65ns
CV (%) 7.35 6.52
ns non-significant differences by F test.
Fig. 6. Estimated yield (tons ha−1) recorded in ‘BRS Vitoria’ seedless table
grape at different bunch densities.
R.C. Colombo, et al. Food Research International 130 (2020) 108955
10
Violeta’ grapes, it was verified that the myricetin proportion was ap-
proximately 3.5 times greater in relation to quercetin (Rebello et al.,
2013).
The total flavonol concentration in ‘BRS Vitoria’, tentatively iden-
tified as the quercetin 3-glucoside equivalent, presented higher values
under the density of 5.0 bunches per m2 (65.6 mg kg−1 of berries),
while at the density of 6.0 bunches per m2 the concentration was
38.5 mg kg−1 of berries (Table 3; Fig. 2). In ‘BRS Violeta’ skins, Rebello
et al. (2013) found higher total flavonol concentration (153.4 mg kg−1
FW, as quercetin 3-glucoside equivalent) than those observed in ‘BRS
Vitoria’.
3.4. Hydroxycinnamic acid derivatives (HCAD) and stilbenes
Hydroxycinnamic acid derivatives were analyzed using hydro-
methanolic extract from ‘BRS Vitoria’ berries (Table 4; Fig. 4), which
were tentatively identified as caftaric acid equivalent. The acids found
in ‘BRS Vitoria’ berries were the trans-Caftaric acid, trans- and cis-cou-
taric acid and trans-fertaric acid; the same HCAD reported in vinifera
cultivars (Castillo-Muñoz et al., 2009, a) and in ‘BRS Violeta’ hybrid
grapes (Rebello et al., 2013). Among the mentioned compounds, the
trans- isomers were predominant in ‘BRS Vitoria’, with the cis isomer
only detected for coutaric acid. Similar results were reported for ‘Bordô’
grapes (V. labrusca L.) (Lago-Vanzela et al., 2011b).
In addition, a molecule called p-Coumaroyl-glucose, with fragmen-
tation pattern [(MS/MS), m/z 325; 163, 145] was found in ‘BRS
Vitoria’. This compound had already been described as an ester be-
tween an HCAD and a hexose for ‘Bordô’ grapes (Lago-Vanzella et al.,
2011b) and ‘BRS Violeta’ (Rebello et al., 2013). In relation to stilbenes,
the resveratrol was not detected in ‘BRS Vitoria’ skins; however, the
piceid isomers were tentatively identified as trans- and cis-Resveratrol-
glucoside (Table 4). The total piceid concentration found in these grape
skins, among the studied bunch densities, ranged from 0.765 to
1.338 mg kg−1 of berries (as a resveratrol equivalent). For ‘BRS Violeta’
grapes, the total piceid concentration found in its skin was
0.138 mg kg−1 of berries (as resveratrol equivalent) and is a lower
concentration than that recorded for ‘BRS Vitoria’.
These stilbenes concentrations were lower than those reported in
‘Bordô’ grapes (10.91 mg kg−1 of grapes, as a resveratrol equivalent),
with this grape cultivar classified as a great resveratrol producer (Lago-
Vanzela, Da-Silva, Gomes, García-Romero, & Hermosín-Gutiérrez,
2011, b). On the other hand, it can be verified that the ‘BRS Vitoria’ can
be classified as a low resveratrol producer, presenting a resveratrol
concentration less than 1.8 mg kg−1 of berries, according to the clas-
sification proposed by Gatto et al. (2008) for V. vinifera cultivars.
3.5. Flavan-3-ol monomers and dimers
In relation to the flavan-3-ol monomers, seven molecules of this
group were detected in ‘BRS Vitoria’ skins (Table 5). The (+)-catechin
was the compound found in greatest concentration, being outstanding
in relation to the others. Among the flavan-3-ol monomers, the
(+)-catechin, (−)-epicatechin and (−)-gallocatechin compounds pre-
sented a linear increase as a function of the bunch densities increase in
‘BRS Vitoria’ was observed (Fig. 5). However, the other compounds
concentration did not differ significantly among the different bunch
densities.
The (+)-catechin concentrations ranged from 3.7 to 7.1 mg kg−1 of
berries, under 4.0 and 6.0 bunches per m2, respectively. These values
are higher than those found in ‘Bordô’ grapes (1.2 mg kg−1 FW) (Lago-
Vanzela, Da-Silva, Gomes, García-Romero, & Hermosín-Gutiérrez,
2011, b) and close to that verified for ‘BRS Violeta’ grapes (Rebello
et al., 2013). For ‘BRS Clara’ and ‘BRS Morena’ seedless hybrid table
grapes, the (+)-catechin concentrations verified in their skins pre-
sented values of 10.6 and 6.3 mg kg−1 FW, respectively (Lago-Vanzela,
Da-Silva, Gomes, García-Romero, & Hermosín-Gutiérrez, 2011, a).
For flavan-3-ol B-type dimers, the presence of procyanidins B1 and
B2 was verified. Procyanidin B1 was the major flavan-3-ol dimer found
in the ‘BRS Vitoria’ skins, followed by lower concentrations of pro-
cyanidin B2. Both procyanidins presented a linear increase as a function
of the evaluated bunch densities, as well as provided verification for the
monomers. A third procyanidin was detected in ‘BRS Vitoria’ skins, but
it was not possible to identify it. This compound eluted at time
32.85 min and its molar mass is the same as verified in others flavan-3-
ol B-type dimers (m/z 578). The procyanidin B4, commonly found in
grapes, was not detected in ‘BRS Vitoria’, as well as in ‘BRS Violeta’
(Rebello et al., 2013) and in ‘Bordô’ grapes (Lago-Vanzela, Da-Silva,
Gomes, García-Romero, & Hermosín-Gutiérrez, 2011, b).
3.6. Proanthocyanidins
The structural analyses of the main flavan-3-ol types present in ‘BRS
Vitoria’ skins also allowed the quantification of oligomers and polymers
(proanthocyanidins). The total proanthocyanidins concentration did
not change significantly among the evaluated bunch densities, ranging
from 527 to 593 mg kg−1 of berries (Table 5). Nevertheless, ‘BRS Vi-
toria’ can be considered an important source of proanthocyanidins,
since V. vinifera cultivars are classified as having a high concentration of
proanthocyanidins in the skins. They present concentrations between
280 and 720 mg kg−1 FW (Busse-Valverde et al., 2010; Travaglia,
Bordiga, Locatelli, Coïsson, & Arlorio, 2011).
From the structural analysis, a mean degree of polymerization
(mDP) ranging from 7.2 to 8.7 was verified. These values are close to
those verified for ‘BRS Clara’ and ‘BRS Morena’ hybrid seedless table
grapes, at 7.0 and 9.9, respectively (Lago-Vanzela, Da-Silva, Gomes,
García-Romero, & Hermosín-Gutiérrez, 2011, a).
3.7. Yield components
For the yield components evaluated in ‘BRS Vitoria’, there was no
significant difference among the evaluated bunch densities for berries
and bunch masses (Table 6), as also observed by other authors for
‘Thompson Seedless’ and ‘Cabernet Sauvignon’ ((Bogicevic et al., 2015;
de Leão & Lima, 2017; Wang et al., 2018)).
On the other hand, the yield was strongly influenced by the bunch
densities, presenting a highly significant linear increase (Fig. 6). These
results were expected since the number of bunches per area increased,
the yield also increased. However, depending on the quality desired in
the final product, the increase in yield will not always be compensatory,
as verified by this study for the total anthocyanin and flavonol con-
centrations.
In Brazil, ‘BRS Vitoria’ has been cultivated in regions that allow for
the production of two annual crops (Maia et al., 2014; Roberto et al.,
2015). Thus, the obtained yield per year with this cultivar can reach up
to two times the yield values shown in this study. This becomes inter-
esting because at the density of 5.0 bunches per m2, for example, a yield
close to 37 tons ha−1 can be obtained annually.
3.8. Multivariate and correlation analysis
Principal Component Analysis (PCA) was used to explore the con-
tribution of each parameter on the clustering among the different bunch
densities in ‘BRS Vitoria’. Projection of the first two principal compo-
nents (explained variability: 86.66%) showed a separation mainly ac-
cording to the bunch densities (Fig. 7). The densities of 4.5 and 5.0
bunches per m2 were grouped together, due to by the accumulation of
total anthocyanins, total flavonols, caftaric acid, and cis-piceid. This
indicates that the low bunch densities can improves phenolic com-
pounds accumulation such as anthocyanins. Some studies have reported
that cluster thinning techniques e.g. crop load adjustment, enhances
anthocyanin concentration in wine grapes (Bubola, Peršurić, & Ganić,
2011; Pastore et al., 2011) and table grapes (Xi, Zha, Jiang, & Tian,
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2016). On the other hand, cluster thinning did no shown significant
differences in anthocyanins accumulation in ‘Cabernet Sauvignon’
grapes assessed at harvest (Wang et al., 2018). The density of 5.5
bunches per m2 formed a single group, related to some compounds
classified as flavan-3-ol and trans-piceid, while the lower bunch density
(4.0 clusters per m2) also formed a single group, which was related to
the proanthocyanidins. The effect of cluster thinning on flavan-3-ols in
grapes is contradictory (Wang et al., 2018). However, cluster thinning
treatments promoted a significant biosynthesis of proanthocyanins in
‘Vranac’ and ‘Cabernet Sauvignon’ grapes (Bogicevic et al., 2015).
The highest bunch density, on the other hand, grouped the main
evaluated productivity characteristic (yield), as verified by regression
analysis. The vine yield (tons ha−1) was negatively associated with the
main evaluated phenolic compound groups (anthocyanins and flavo-
nols).
The results verified in PCA can be confirmed by the heatmap (Fig. 8)
built for the main phenolic compounds classes and yield recorded for
‘BRS Vitoria’ under different bunch densities. Anthocyanins are strongly
associated with the density of 5.0 bunches per m2, while total proan-
thocyanidins have a negative association with this bunch density. An-
thocyanin synthesis occurs after proanthocyanidin accumulation is
completed, and a stoichiometric inverse relationship between the level
of anthocyanins and proanthocyanidins can be observed in transgenic
tobacco plants, indicating diversion of anthocyanidin to proanthocya-
nidins (Bogs et al., 2005; 2007). On the other hand, a single group
formation for the densities of 5.5 and 6.0 bunches per m2 were highly
Fig. 7. PCA of phenolic compounds and yield re-
corded in ‘BRS Vitoria’ seedless table grape at dif-
ferent bunch densities. A: treatments dispersion
according to the principal component scores (4.0;
4.5; 5.0; 5.5, and 6.0 bunches per m2). B: evaluated
characteristics arrangement according to the prin-
cipal component scores. Yield (tons ha−1); m3g:
anthocyanins 3-glucoside series as malvidin-3-glu-
coside eq; m35g: anthocyanins 3,5-diglucoside
serie as malvidin-3,5-diglucoside eq; t.m35: total
anthocyanins as malvidin-3,5-diglucoside eq; t.flv:
total flavonols as Q-3-glc eq.; c.pic: cis-piceid con-
tent; t.pic: trans-piceid content; t.caf: total caftaric
acid content; cat: catechin content; epcat: epica-
techin content; gcat: catechin-3-gallate content;
PB1: procyanidin B1 content; PB2: procyanidin B2
content; PBni: not identified procyanidin content
(retention time = 32.85); mDP: mean degree of
polymerization; gal: percentage of galloylation; and
t.PA: total proanthocyanidin content.
R.C. Colombo, et al. Food Research International 130 (2020) 108955
12
related to the flavan-3-ol compounds and yield. Contrasting results
were found at the density of 4.0 bunches per m2, which differed from
the other two groups. However, there is no agreement on the effect of
cluster thinning on flavan-3-ols in previous studies (Fanzone, Zamora,
Jofré, Assof, & Pena-Neira, 2011; Bogicevic et al., 2015; Wang et al.,
2018).
In Fig. 9, it is possible to confirm the correlation between yield and
the main evaluated phenolic compounds classes for ‘BRS Vitoria’. The
green lines indicate a positive correlation among the studied char-
acteristics, and the red ones indicate a negative correlation. Yield was
negatively correlated to total anthocyanins and anthocyanin 3-gluco-
sides and 3,5-diglucoside series, with these compounds being highly
correlated with each other. The crop load adjustment by bunch thinning
is responsible to yield decrease, however, this technique can improve
the source/sink ratio, which explains the negative correlation between
yield and anthocyanins. In its context the increase in the source/sink
ratio enhances anthocyanin concentration, and this enhancement is
mainly attributed to higher sugar contents in berries from thinned vines
compared with those from unthinned ones (Bubola, Peršurić, & Ganić,
2011; Pastore, Zenoni, Tornelli, Allegro, & Santo, 2011; Xi, Zha, Jiang,
& Tian, 2016).
There was also a positive correlation between anthocyanins and
total flavonols and stilbenes (cis- and trans-piceid) and this is likely
because these compounds share the same precursors, namely p-cou-
maroyl-CoA and malonyl-CoA (Vannozzi, Ian, Fasoli, Zenoni, &
Lucchin, 2012). In contrast, catechin and its derivatives, as well as
procyanidins, correlated positively with each other and with yield,
while the caftaric acid concentration did not correlate with any other
compounds nor the yield of ‘BRS Vitoria’.
4. Conclusion
The evaluated bunch densities in ‘BRS Vitoria’ table grape did not
interfere with the physicochemical characteristics of the berries, such as
soluble solids and maturation index. On the other hand, under the
density of 6.0 bunches per m2, it was possible to reach the highest yield
(25 tons ha−1). Under all bunch densities, the phenolic profile presents
the same compounds, but at different concentrations. Under a density
of 5.0 bunches per m2, the compounds belonging to the anthocyanin
and flavonol families were present in high concentrations. In contrast,
at the densities of 4.0 and 4.5 bunches per m2, there was a reduction in
the flavan-3-ol content. With respect to stilbenes, only the trans-piceid
and its cis- isomer were detected. However, their concentrations had no
significant influence on the evaluated bunch densities.
Fig. 8. Heatmap of phenolic compounds and yield
evaluated in ‘BRS Vitoria’ seedless table grape at
different bunch densities. Characteristics: yield
(tons ha−1); m3g: anthocyanins 3-glucoside series
as malvidin-3-glucoside eq; m35g: anthocyanins
3,5-diglucoside serie as malvidin-3,5-diglucoside
eq; t.m35: total anthocyanins as malvidin-3,5-di-
glucoside eq; t.flv: total flavonols as Q-3-glc eq.;
c.pic: cis-piceid content; t.pic: trans-piceid content;
t.caf: total caftaric acid content; cat: catechin con-
tent; epcat: epicatechin content; gcat: catechin-3-
gallate content; PB1: procyanidin B1 content; PB2:
procyanidin B2 content; PBni: not identified pro-
cyanidin content (retention time = 32.85); mDP:
mean degree of polymerization; gal: percentage of
galloylation; and t.PA: total proanthocyanidin
content.
R.C. Colombo, et al. Food Research International 130 (2020) 108955
13
CRediT authorship contribution statement
Ronan Carlos Colombo: Data curation, Formal analysis,
Investigation. Sergio Ruffo Roberto: Conceptualization, Funding ac-
quisition, Resources, Investigation, Writing - original draft. Suzana
Lucy Nixdorf: Methodology, Investigation. José Pérez-Navarro:
Methodology, Investigation. Sergio Gómez-Alonso: Methodology,
Investigation, Formal analysis. Adela Mena-Morales: Methodology,
Investigation. Esteban García-Romero: Methodology, Investigation.
Leandro Simões Azeredo Gonçalves: Investigation, Formal analysis.
Maria Aparecida Cruz: Investigation. Deived Uilian Carvalho:
Investigation. Tiago Bervelieri Madeira: Investigation. Lycio Shinji
Watanabe: Investigation. Reginaldo Teodoro Souza: Funding acqui-
sition, Supervision, Investigation. Isidro Hermosín-Gutiérrez:
Funding acquisition, Conceptualization, Investigation.
Declaration of Competing Interest
None of the authors have a conflict of interest.
Acknowledgement
This work was supported by the Brazilian National Council for
Scientific and Technological Development (CNPq) and Coordination for
the Improvement of Higher Education Personnel (CAPES). RCC thanks
CAPES for the Ph.D. scholarship (Grant # 88881.134540/2016-01).
References
Abe, L. T., da Mota, R. V., Lajolo, F. M., & Genovese, M. I. (2007). Compostos fenólicos e
capacidade antioxidante de cultivares de uvas Vitis labrusca L. e Vitis vinifera L. Ciência
e Tecnologia de Alimentos, 27, 394–400.
Bogicevic, M., Maras, V., Mugoša, M., Kodžulović, V., Raičević, J., Šućur, S., & Failla, O.
(2015). The effects of early leaf removal and cluster thinning treatments on berry
growth and grape composition in cultivars Vranac and Cabernet Sauvignon. Chemical
and Biological Technologies in Agriculture, 2, 13.
Bogs, J., Downey, M. O., Harvey, J. S., Ashton, A. R., Tanner, G. J., & Robinson, S. P.
(2005). Proanthocyanidin synthesis and expression of genes encoding leucoantho-
cyanidin reductase and anthocyanidin reductase in developing grape berries and
grapevine leaves. Plant Physiology, 139, 652–663.
Bogs, J., Jaffé, F. W., Takos, A. M., Walker, A. R., & Robinson, S. P. (2007). The grapevine
transcription factor VvMYBPA1 regulates proanthocyanidins synthesis during fruit
development. Plant Physiology, 143, 1347–1361.
Bordiga, M., Coïsson, J. D., Locatelli, M., Arlorio, M., & Travaglia, F. (2013). Pyrogallol:
An alternative trapping agent in proanthocyanidins analysis. Food Analytical Methods,
6, 148–156.
Bordiga, M., Travaglia, F., Coïsson, J. D., Locatelli, M., Arlorio, M., & Martelli, A. (2009).
Pyrogallol: A new trapping nucleophile in proanthocyanidins analysis. OIV, Zagreb,
Croatia: XXXII World Congress of Vine and Wine.
Bubola, M., Peršurić, Đ., & Ganić, K. K. (2011). Impact of cluster thinning on productive
characteristics and wine phenolic composition of cv. Merlot. Journal of Food,
Agriculture & Environment, 9, 36–39.
Busse-Valverde, N., Gomez-Plaza, E., Lopez-Roca, J. M., Gil-Muñoz, R., Fernandez-
Fernandez, J. I., & Bautista-Ortin, A. B. (2010). Effect of different enological practices
on skin and seed proanthocyanidins in three varietal wines. Journal of Agricultural and
Food Chemistry, 58, 11333–11339.
Callejas-Rodríguez, R., Sanhueza, M. B., Valenzuela, B. T., & Aronowsky, C. P. (2013).
Adaptación de la poda y ajuste de carga para maximizar los rendimientos de uva de
mesa. Revista de la Facultad de Ciencias Agrarias, 45, 91–100.
Castillo-Muñoz, N., Fernández-González, M., Gómez-Alonso, S., García-Romero, E., &
Hermosín-Gutiérrez, I. (2009). Red-color related phenolic composition of Garnacha
Tintorera (Vitis vinifera L.) grapes and red wines. Journal of Agricultural and Food
Chemistry, 57, 7883–7891.
Castillo-Muñoz, N., Gómez-Alonso, S., García-Romero, E., Gómez, M. V., Velders, A. H., &
Hermosín-Gutiérrez, I. (2009). Flavonol 3-O-glycosides series of Vitis vinifera cv. Petit
Verdot red wine grapes. Journal of Agricultural and Food Chemistry, 57, 209–219.
Castillo-Muñoz, N., Gómez-Alonso, S., García-Romero, E., & Hermosín-Gutiérrez, I.
(2007). Flavonol profiles of Vitis vinifera red grapes and their single cultivar wines.
Journal of Agricultural and Food Chemistry, 55, 992–1002.
Fig. 9. Correlation network analysis among the main phenolic compounds [anthocyanins, flavan-3-ol, flavonol, hydroxycinnamic acid derivates (HACD), and stil-
benes] and yield recorded in ‘BRS Vitoria’ seedless table grapes. Yield (tons ha−1); m3g: anthocyanins 3-glucoside serie as malvidin-3-glucoside eq; m35g: antho-
cyanins 3,5-diglucoside serie as malvidin-3,5-diglucoside eq; t.m35: total anthocyanins as malvidin-3,5-diglucoside eq; t.flv: total flavonols as Q-3-glc eq.; c.pic: cis-
piceid content; t.pic: trans-piceid content; t.caf: total caftaric acid content; cat: catechin content; epcat: epicatechin content; gcat: catechin-3-gallate content; PB1:
procyanidin B1 content; PB2: procyanidin B2 content; PBni: not identified procyanidin content (retention time = 32.85); mDP: mean degree of polymerization; gal:
percentage of galloylation; and t.PA: total proanthocyanidin content.
R.C. Colombo, et al. Food Research International 130 (2020) 108955
14
Colombo, R. C., Souza, R. T., Cruz, M. A., Carvalho, D. U., Koyama, R., Bilck, A. P., &
Roberto, S. R. (2018). Postharvest longevity of 'BRS Vitória' seedless grapes subjected
to cold storage and acibenzolar-S-methyl application. Pesquisa Agropecuária Brasileira,
53, 809–814.
de Leão, P. C. S., & Lima, M. A. C. (2017). Effect of shoot and bunch density on yield and
quality of “Sugraone” and “Thompson Seedless” table grapes. Revista Brasileira de
Fruticultura, 39(e-828), 1–10.
Epskamp, S., Cramer, A. O. J., Waldorp, L. J., Schmittmann, V. D., & Borsboom, D. (2012).
qgraph: Network visualizations of relationships in psychometric data. Journal of
Statistical Software, 48, 1–18.
Fanzone, M., Zamora, F., Jofré, V., Assof, M., & Pena-Neira, Á. (2011). Phenolic com-
position of Malbec grape skins and seeds from Valle de Uco (Mendoza, Argentina)
during ripening. Effect of cluster thinning. Journal of Agricultural and Food Chemistry,
59, 6120–6136.
Favre, G., Hermosín-Gutiérrez, I., Piccardo, D., Gómez-Alonso, S., & González-Neves, G.
(2019). Selectivity of pigments extraction from grapes and their partial retention in
the pomace during red-winemaking. Food Chemistry, 277, 391–397.
Garrido, J., & Borges, F. (2011). Wine and grape polyphenols. A chemical perspective.
Food Research International, 44, 3134–3148.
Gatto, P., Vrhovsek, U., Muth, J., Segala, C., Romualdi, C., Fontana, P., ... Velasco, R.
(2008). Ripening and genotype control stilbene accumulation in healthy grapes.
Journal of Agricultural and Food Chemistry, 56, 11773–11785.
Georgiev, V., Ananga, A., & Tsolova, V. (2014). Recent advances and uses of grape fla-
vonoids as nutraceuticals. Nutrients, 6, 391–415.
Gil, M., Esteruelas, M., Gonzáles, E., Kontoudakis, N., Jiménes, J., Fort, F., ... Zamora, F.
(2013). Effect of two different treatments for reducing grape yield in Vitis vinifera cv.
Syrah on wine composition and quality: Berry thinning versus cluster thinning.
Journal of Agricultural and Food Chemistry, 61, 4968–4978.
Hermosín-Gutiérrez, I., Castillo-Muñoz, N., Gómez-Alonso, S., & García-Romero, E.
(2011). Flavonol profiles for grape and wine authentication. In S. E. Ebeler, G. R.
Takeoka, & P. Winterhalter (Eds.). Progress in authentication of food and wine (pp. 113–
129). Washington, DC: American Chemical Society, ACS Symposium Series.
IAL – Instituto Adolfo Lutz, 2008. Métodos químicos e físicos para análise dos alimentos.
(4th ed.). São Paulo: Instituto Adolfo Lutz.
Karoglan, M., Osrecak, M., Maslov, L., & Kozina, B. (2014). Effect of cluster and berry
thinning on Merlot and Cabernet Sauvignon wines composition. Czech J. Food Sci. 32,
470–476.
Kolde, R. (2013). Pheatmap – Pretty heat maps in R package. CRAN<https://rdrr.io/
cran/pheatmap/> .
Lago-Vanzela, E. S., Da-Silva, R., Gomes, E., García-Romero, E., & Hermosín-Gutiérrez, I.
(2011). Phenolic composition of the Brazilian seedless table grape varieties BRS Clara
and BRS Morena. Journal of Agricultural and Food Chemistry, 59, 8314–8323.
Lago-Vanzela, E. S., Da-Silva, R., Gomes, E., García-Romero, E., & Hermosín-Gutiérrez, I.
(2011). Phenolic composition of the edible parts (flesh and skin) of Bordô grape (Vitis
labrusca) using HPLC-DAD-ESI-MS/MS. Journal of Agricultural and Food Chemistry, 59,
13136–13146.
Lê, S., Josse, J., & Husson, F. (2008). FactoMineR: An R package for multivariate analysis.
Journal of Statistical Software, 25, 1–18.
Maia, J. D. G., Ritschel, P., Camargo, U. A., Souza, R. T., Fajardo, T. V., Naves, R. L., &
Girardi, C. L. (2014). ‘BRS Vitória’ – a novel seedless table grape cultivar exhibiting
special flavor and tolerance to downy mildew (Plasmopara viticola). Crop Breeding and
Appllied Biotechnology, 14, 204–206.
Mattivi, F., Guzzon, R., Vrhovsek, U., Stefanini, M., & Velasco, R. (2006). Metabolite
profiling of grape: Flavonols and anthocyanins. Journal of Agricultural and Food
Chemistry, 54, 7692–7702.
Muñoz-Espada, A. C., Wood, K. V., Bordelon, B., & Watkins, B. A. (2004). Anthocyanin
quantification and radical scavening capacity of Concord, Norton, and Marechal Foch
Grapes and wines. Journal of Agriculture and Food Chemistry, 52, 6779–6786.
Neves, N. D., Stringheta, P. C., Gómez-Alonso, S., & Hermosín-Gutiérrez, I. (2018).
Flavonols and ellagic acid derivatives in peels of different species of jabuticaba (Plinia
spp.) identified by HPLC-DAD-ESI/MSn. Food Chemistry, 252, 61–71.
Orak, H. H. (2007). Total antioxidant activities, phenolics, anthocyanins, polyphenol
oxidase activities of selected red grape cultivars and their correlations. Scientia
Horticulturae, 111, 235–241.
Pastore, C., Zenoni, S., Tornelli, G. B., Allegro, G., & Santo, S. D. (2011). Increasing the
source/sink ratio in Vitis vinifera (cv. Sangiovese) induces extensive transcriptome
reprogramming and modifies berry ripening. BioMed Central Genomics, 12, 631–653.
Pérez-Navarro, J., Izquierdo-Cañas, P. M., Mena-Morales, A., Martínez-Gascueña, J.,
Chacón-Vozmediano, J. L., García-Romero, E., ... Gómez-Alonso, S. (2019). Phenolic
compounds profile of different berry parts from novel Vitis vinifera L. red grape
genotypes and Tempranillo using HPLC-DAD-ESI-MS/MS: A varietal differentiation
tool. Food Chemistry, 295, 350–360.
Preszler, T., Schmit, T., & Vanden Heuvel, J. (2010). A model to establish economically
sustainable cluster thinning practices. American Journal of Enology and Viticulture, 61,
140–146.
Rastija, V., Srecnik, G., & Saric, M. (2009). Polyphenolic composition of Croatian wines
with different geographical origins. Food Chemistry, 115, 54–60.
Rebello, L. P. G., Lago-Vanzela, E. S., Barcia, M. T., Ramos, A. M., Stringheta, P. C., Da-
Silva, R., ... Hermosín-Gutiérrez, I. (2013). Phenolic composition of the berry parts of
hybrid grape cultivar BRS Violeta (BRS Rubea × IAC 1398–21) using
HPLC–DAD–ESI-MS/MS. Food Research International, 54, 354–366.
Roberto, S. R., Borges, W. F. S., Colombo, R. C., Koyama, R., Hussain, I., & Souza, R. T.
(2015). Berry-cluster thinning to prevent bunch compactness of ‘BRS Vitoria’, a new
black seedless grape. Scientia Horticulturae, 197, 297–303.
Silvestre, J. P., Roberto, S. R., Colombo, R. C., Azeredo Gonçalves, L. S., Koyama, R.,
Shahab, M., ... Souza, R. T. (2017). Bunch sizing of ‘BRS Nubia’ table grape by in-
florescence management, shoot tipping and berry thinning. Scientia Horticulturae,
225, 764–770.
Travaglia, F., Bordiga, M., Locatelli, M., Coïsson, J. D., & Arlorio, M. (2011). Polymeric
proanthocyanidins in skins and seeds of 37 Vitis vinifera L. cultivars: A methodolo-
gical comparative study. Journal of Food Science, 76, 742–749.
Vannozzi, A., Ian, B., Fasoli, M., Zenoni, S., & Lucchin, M. (2012). Genome-wide analysis
of the grapevine stilbene synthase multigenic family: Genomic organization and ex-
pression profles upon biotic and abiotic stresses. BMC Plant Biology, 12, 1–22.
Wang, Y., He, Y., Chen, W., He, F., Chen, W., Cai, X., ... Wang, J. (2018). Effects of cluster
thinning on vine photosynthesis, berry ripeness and flavonoid composition of
Cabernet Sauvignon. Food Chemistry, 248, 101–110.
Wang, H., Race, E. J., & Shrikhande, A. J. (2003). Characterization of anthocyanins in
grape juices by ion trap liquid chromatography – mass spectrometry. Journal of
Agriculture and Food Chemistry, 51, 1839–1844.
Winkler, A. J., Cook, J. A., Kliewer, W. M., & Lider, L. A. (1974). General viticulture.
California: University of California.
Xi, X., Zha, Q., Jiang, A., & Tian, Y. (2016). Impact of cluster thinning on transcriptional
regulation of anthocyanin biosynthesis-related genes in “Summer Black” grapes. Plant
Physiology and Biochemistry, 104, 180–187.
Yamamoto, L. Y., De Assis, A. M., Roberto, S. R., Bovolenta, Y. R., Nixdorf, S. L., García-
Romero, E., ... Hermosín-Gutiérrez, I. (2015). Application of abscisic acid (S-ABA) to
cv. Isabel grapes (Vitis vinifera × Vitis labrusca) for color improvement: Effects on
color, phenolic composition and antioxidant capacity of their grape juice. Food
Research International, 77, 572–583.
Zhao, Q., Duan, C., & Wang, J. (2010). Anthocyanins profile of grape berries of Vitis
amurensis, its hybrids and their wines. International Journal of Molecular Sciences, 11,
2212–2228.
R.C. Colombo, et al. Food Research International 130 (2020) 108955
15
